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Abstract 
In economic theory, there were and still are concerns for the development of bankruptcy risk prediction methods starting 
from their rates related to the status of "health" or "weakness" of economic entities. One of the financial analysis methods 
commonly used today are the stochastic methods. Comparing a priori and a posteriori probabilities allows the 
acknowledgement of the Score areas where the risk of bankruptcy is higher. The Score function is very sensitive to any 
relevant changes in the economic situation and get a genuine alarm about the economic-financial status, offering the 
possibility of a superior quality forecasting. This paper presents, in a first part, the theoretical formulation of the same 
stochastic methods and Score function for the financial analysis of an economic entity and, in the second part, the results 
obtained by applying this methodology in the small and medium enterprises in the Romanian 3rd development Macro-
region. Using this methodology has enabled both the least risk of bankruptcy for some SMEs, but also identifies strengths 
and weaknesses in financial management for the grounding of new strategies for maintaining and development of the unit. 
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1. Introduction 
The Score function is very sensitive to any relevant changes in the economic situation and get a genuine 
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alarm about the economic-financial status, offering the possibility of a superior quality forecasting. 
The first major model on the analysis of the risk of bankruptcy, both in the literature and in practice, 
belonged to E. I. Altman, published in its original form in the year 1968 and known as the Z Score function. 
Further on, a model for classifying economic entities similar to Altman model was conducted by economists J. 
Conan and M. Holder in 1979. 
This paper presents, in a first part, the theoretical formulation of the Score function method for the financial 
analysis of an economic entity and, in the second part, the results obtained by applying this methodology in the 
small and medium enterprises in the Romanian 3rd development Macro-region. Using this methodology has 
enabled both the least risk of bankruptcy for some SMEs, but also identifies strengths and weaknesses in 
financial management for the grounding of new strategies for maintaining and development of the unit. 
Conjectural changes generated by the current economic and financial crisis may involve an exchange rate of 
bankruptcy, when the probability is a priori. Applied distributions of Score in each category, the updated values 
of the a priori probabilities, adjusting a posterior probabilities for a new context and using the techniques 
presented in this paper have been successful in getting a broad picture of the economic-financial situation of 
small and medium-sized enterprises in the area under consideration and, at the same time, have allowed the 
determination of an overall diagnosis, which have facilitated the synthesis of their economic and financial 
situation. 
 2. Theoretical formulation of the problem 
It is considered K economic entity groups subject to study, of which:  21 N, ...N, NN , are "non-went 
bankrupt" entities and  21 M, ...F, FF , economic entities considered "went bankrupt". 
Score function "Z" proposed by Altman is, in fact, a form of multiple regressions: 
nn RaRaRaaZ ...22110        (1) 
where: nRRR ,...,, 21  are the considered rates in the drafting of the model of economic entities sharing 
naaa ,...,, 21   are the coefficients of the considered financial rates; 
0a  is the open term the intercept of the classification function 
Calculation of parameters naaaa ,...,,, 210  is to be determined by application of the method of least squares, 
with the condition that the sum of empirical terms deviations from the regression line, squared, to be minimal.  
For each of the considered groups or the entire assembly, as well 
the Score function is to be determined. 
 Analysis of the distribution curve of each of the determined Score functions allow establishing a posterior 
probabilities corresponding to, knowing that the Score for each of them belongs to one of the unfavourable, 
neutral or favourable areas. 
 A transaction concluded with a loss with a bankrupted entity will lead to a sudden loss for the counterparty 
or for all items involved. Forgoing a transaction with a company that will prove to be really powerful is a loss 
of gain whose cost may be extended depending on the difficulties to find a new partner. Taking into account 
these costs will allow to estimate a decision threshold, namely the Score value where to cancel the transaction. 
So, it is necessary to draw curves associated with the function, namely for each of the Scores the average 
density is calculated, given by the relation: 
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where: 
Z = the average standard deviation 
Z = random variable Z media 
with the inflection points: 2
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 So, for each group of considered variables, the average density functions become: 
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If the two distributions are represented in the same coordinate system, the points of intersection of the two 
graphs are determined as follows: 
If: 
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  then their intersection lies on the axis z = 0    (5) 
If: 
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 then the coordinates of the intersection points are the solutions of the equation:(6) 
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As the calculated values are higher or lower than the positive solution of equation (7), it can be established 
 
y studying the asymmetry or the 
 
2.1. Analysis scale method 
Another way to analyze the bankruptcy risk of an economic entity is also the scale method, which means to 
a priori 
these conditions, by the following relation: 
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with z = z0  an arbitrary value, set by user. 
r Ai the entity to which the 
Z(Ai) Score has been calculated, then, with the  as called as the causative probabilities or 
hypothesis formula, the probability of the Ai event belonging to population K, knowing that Z(Ai) r
area is calculated following the relation: 
rAZP
KAxPKArAZP
rAZKAP
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ii     (9) 
If there is taken into consideration the density of probability of the random variable Z, which is defined by 
the relation: 
i
i
i z
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          (10) 
with zi =  
zF = allocation function 
and there is borne in mind that, 
z
a
dttzFzZP  zZPzf , then the result is that for 
each type of considered units group , relation (6) might be written as:  
P(z=z0|bankruptcy)=D(z) 
 P(z=z0|non-bankruptcy)=S(z)       (11) 
under these hypotheses, relation (14) becomes:  
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For the proposed study it is useful to build as well the reduced half-width variables: 
F
FZzt 0bankruptcy  and 
N
NZzt 0bankruptcy-non        (14) 
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and to put the 
In order for the economic unit to be taken as insolvent, the calculated probability must be above 95%. If 
probabilities with lower values are gotten, then values around Z have to be calculated, in order to calculate this 
probability and to establish the uncertainty area. 
3. Analysis of the bankruptcy risk of a SME by the Score function 
3.1. Economic situation and performance of SMEs in the Central Region 
In Romania there are 404,526 small and medium-sized enterprises, with a number of employees up to 250. 
In the Central Region there are concentrated 12.09% of the total numbers of SMEs in Romania. 
Both counties and areas of development are unequal in number of inhabitants. Therefore a better picture of 
inhabitants  indicator. In this context, in the Central Region, the average density of SMEs firms per 1000 
inhabitants is 18.1%, and the distribution of the number of SMEs in the six counties is shown in Figure 1. 
he largest number of companies 14,927 or 30.51% of the total. 
Almost 90% of enterprises in the region have up to 9 employees and 48% of companies are engaged in the 
trade. According to the business turnover volume, in the Central Region, of the 48,921 companies, 25,716 have 
a turnover below 200 million lei, which is 52.6% of the total enterprises in this region. 15.084 firms have a 
turnover of 200-2000 million and 8,121 firms have a turnover of more than 2000 million Lei. The Central 
Region holds a significant proportion in tasks such as forestry, hunting NACE Code 16-25,17% of total firms 
in the country, wood industry, pulp, paper NACE Code 21-26.67%, electricity, gas, water NACE Code 33-
25.73%, but also technical and office industry NACE Code 16-16.04%; manufacture of non-metallic products 
NACE Code 29-19.99%, production of furniture NACE Code 31-19.13%. 
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Fig 1. The density of SMEs in the counties of the Central Region (firms per 1000 inhabitants) 
The rates of economic performance of the 48,924 SMEs in the Central Region are presented compared to 
those at the national level in table no. 1. 
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Table 1 Rates of economic performance of SMEs in the Central Region and at national level 
 Number of firms 
Commercial 
profitability rate  
Financial 
profitability rate  
Degree of 
covering of debt  Labor productivity  
  (%) (%) (%) (lei/employee) 
Central Region  48,921 5.31 37.82 30.05 518.7 
Total 404,526 5.84 52.11 21.6 639.7 
Source: SMEs White Book 2011  
Profitable firms in the region contribute with 10.3% to the national profit mass, and the ones with losses 
with 8.5% of the total volume of losses. 
3.2.  
The database has been set up by the records of financial indicators in the balance sheets of those 84 
companies that operate in sector "Waste recovery" in the Central Region. For delimitating "viable" of the "went 
bankrupt" SMEs there were taken into account two significant quantitative variables: turnover and liquidity rate 
and used discriminatory analysis method. 
The raw data used are made up of economic indicators of enterprises in the field of thought, namely: 
profitability of gross revenue 1R , net operating margin rate 2R , net economic profitability of capital 3R , 
economic profitability of assets 4R , net operating margin rate 5R , the share of expenditure on staff in total 
operating expenditure 6R , the share of expenditure on depreciation in total operating expenses 7R , financial 
profitability of permanent capital 8R , the general solvency 9R , rate of self-financing 10R , the overall rate 
of indebtedness 11R , financial debt rate 12R , the rate of the revolving fund 13R , debt repayment 
period 14R . 
Score function estimators for businesses which operate in the "waste recovery" sector, were obtained by 
solving the system resulted by applying the method of least squares and the result is: 
1413
121110987
654321
0813.0041.0
42.00915.0135.0069098.0022.0
021.00435.03729.00154.0526.00252.0
RR
RRRRRR
RRRRRRZ
  (15) 
Calculating the Score for each of the considered entities, there have been obtained an average 
value: 675.1Z . It was awarded the rating "bankruptcy", comparable to the figure 0, to firms for which 
675.1Z  and the rating "non-bankruptcy", comparable to the figure 1, to firms for which 675.1Z . 
Thus, by comparing the qualifiers obtained by this methodology, with those obtained by discriminatory 
analysis, there were not highlighted any differentiation. 
Further on, a statistical and probabilistic analysis of correctness of decisions imposed, in order to 
differentiate firms using the Score function. In this regard, in the first instance, the Score has been determined 
for each of the two groups of companies. Then, to analyze the distribution of the Score function, it was 
calculated the average density function for the two populations of economic entities, with the aid of 
relationships (4) and (5). 
The intersection of the two curves is achieved at the point of the abscissa 728.1Z  yielding thus the 
critical value of Z: 728.1criticZ , lying between 13.2FZ and 24.1NZ . Therefore, it may be said that, 
if 728.1Z   for 728.1Z  the company can be considered 
"went bankrupt". 
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By comparing the results obtained, it highlights the fact that the values of the function Score obtained by the 
methods presented are close enough, which leads to the conclusion that the decisions of firms in the two groups 
are correct. 
Analysis of contribution of each exogenous variable in Score function brings complex information on the 
health status of the company and enables attention drawing on its further development. 
4.Conclusions 
In conclusion, it can be said that in the current situation, where the notion of risk is becoming increasingly 
present, it's natural that economic actors to use indicators of risk and need to have methods that allow them to 
refresh the sample data to capture the specific effects. 
Scores were built by robust statistical methods and have been tested on many samples of economic entities. 
Using Score function may draw attention to the weaknesses and strengths of economic entities. Comparison 
between a priori and a posteriori probability allow the acknowledgement of the Score areas where the risk of 
bankruptcy is higher. 
Applying this methodology to SMEs, on a set of specific indicators, allow the adoption of decisions that 
lead to the improvement of their activities and to avoid failures in management. 
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